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(54) PHOTONIC CRYSTAL STRUCTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a wide 
photonic band gap in a frequency region common to 
polarized light having no electric field component in 
the Z-axis direction and polarized light having no 
magnetic field component in the Z-axis direction. 
SOLUTION: This photonic crystal structure consists 
of a plurality of rectangular rods 2 having a uniform 
side length in the Z-axis direction corresponding to 
the wavelength of light and arranged as alternately 
rotated by 90 degrees from one another, and of the 
surrounding dielectric material which has a greatly 
different dielectric const, from that of the rectangular 
rods and which is disposed to surround the 
rectangular rods. Thereby, the obtained structure has 

characteristics to suppress propagation of light waves in the frequency region common to 
polarized light having no electric field component in the Z-axis direction and polarized light 
having no magnetic field component in the Z-axis direction. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] It is the photograph nick crystal structure which it is formed in the direction perpendicular 
to a periodic side with two sorts of dielectrics with which uniform dielectric constants differ, and the 
rectangle rod concerned which one dielectrics are two or more rectangle rods which have the side 
length equivalent to light wave length, and adjoins rotates 90 degrees mutually, is arranged, and is 
characterized by preparing the dielectric of another side in the perimeter of said rectangle rod. 
[Claim 2] The photograph nick crystal structure according to claim 1 characterized by having the 
property which controls propagation of a light wave in a common frequency domain to the 
polarization without the polarization and magnetic field component which do not have an electric- 
field component in the direction perpendicular to a periodic side. 

[Claim 3] It is the photograph nick crystal structure which it is formed in the direction perpendicular 
to a periodic side with two sorts of dielectrics with which uniform dielectric constants differ, and the 
ellipse form rod concerned which one dielectrics are two or more ellipse form rods which have the 
axial length equivalent to light wave length, and adjoins rotates 90 degrees mutually, is arranged, and 
is characterized by preparing the dielectric of another side in the perimeter of said ellipse form rod. 
[Claim 4] The photograph nick crystal structure according to claim 3 characterized by having the 
property which controls propagation of a light wave in a common frequency domain to the 
polarization without the polarization and magnetic field component which do not have an electric- 
field component in the direction perpendicular to a periodic side. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the photograph nick crystal structure which forms 
the photograph nick band gap which forbids propagation of the light wave of a specific wavelength 
field. 
[0002] 

[Description of the Prior Art] If a dielectric constant is periodically changed from the former a lot in 
wavelength, the frequency domain in which an electromagnetic wave cannot have the mode of a 
proper, i.e., a photograph nick band gap, is formed, and the photograph nick crystal structure by 
which propagation of light with the photon energy equivalent to a photograph nick band gap is 
controlled is known. If the defect to which the dielectric constant was changed artificially is 
introduced into such a photograph nick crystal structure, permission level will be formed into a 
photograph nick band gap, and the radiation with the photon energy equivalent to the level of only 
light will be attained. The photograph nick crystal structure is the most promising ingredient for 
controlling an electromagnetic wave, and the utilization in respect of [, such as single wavelength 
light emitting diode, and non-threshold laser, a filter a high density optical integrated circuit, ] 
application is expected. 

[0003] As such a photograph nick crystal, two-dimensional A direction perpendicular to the periodic 
side periodically arranged [ the shape of a tetragonal lattice ] to the perimeter dielectric 10 with 
dielectric constant epsilonb which is greatly different from dielectric constant epsilona in the circular 
rod 1 1 with dielectric constant epsilona as shown in drawing 5 As shown in the thing of structure 
uniform for (Z shaft orientations being called hereafter), or drawing 6 , the thing of uniform structure 
etc. was in the Z-axis periodically arranged in the shape of a tetragonal lattice at the perimeter 
dielectric 20 with dielectric constant epsilonb which is greatly different from dielectric constant 
epsilona in the square rod 21 with dielectric constant epsilona. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although a large photograph nick band gap 
exists like drawing 5 in such a two-dimensional photograph nick crystal by the polarization which 
does not have a magnetic field component in Z shaft orientations, and the so-called TM mode when 
the circular rod 1 1 has been periodically arranged in the shape of a tetragonal lattice the polarization 
which does not have an electric-field component in Z shaft orientations, and the so-called TE mode - 
- a photograph nick band gap — the dielectric constant ratio of the circular rod 1 1 and the perimeter 
dielectric 10, and a filling factor (the rate that the field where a dielectric constant is high occupies — 
) etc. — it was the thing in which a photograph nick band gap exists slightly according to conditions 
and which is not boiled too much. 

[0005] On the other hand, like drawing 6 , when the square rod 21 had been periodically arranged in 
the shape of a tetragonal lattice, although the large photograph nick band gap existed by the TE 
mode conversely, the photograph nick band gap was narrow [ in the TM mode / by conditions such 
as a dielectric constant ratio and a filling factor, ] in the case of the circular rod 1 1 . For example, 
constitute the square rod 21 from Ayr, and are the thing of the dielectric constant ratio 8.9 to Ayr, 
and a perimeter dielectric is constituted. It is referred to as epsilona=l, 0, and epsilonb=8.9, and 
namely, the density of states of the light wave by which TE when being referred to as a and TM both 
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polarization were calculated in the lattice constant of a tetragonal lattice a filling factor 30% As 
shown in drawing 7 , in the TE mode and the TM mode, the density of states of light had rivaled in 
almost all frequency domains, and the frequency domain whose photograph nick band gap 
corresponds was not accepted. 

[0006] In the structure where the dielectric spot 12 of the perimeter dielectric 10 with which this was 
surrounded by four adjoining circular rods 1 1 has been periodically arranged in a certain amount of 
magnitude Possibility that a photograph nick band gap will be made to TM polarization is high. In 
the structure where the narrow dielectric vein 22 of the perimeter dielectric 20 surrounded among 
four adjoining square rods 21 has been arranged periodically, it is thought that it is because 
possibility that a photograph nick band gap will be made to TE polarization is high. Although this 
was made clear also from theoretical count of electromagnetic wave propagation, TE and the 
photograph nick crystal structure which has a broad photograph nick band gap in TM both 
polarization in a common frequency domain did not exist. 

[0007] This invention is made in order to cancel the above-mentioned fault, and the purpose of this 
invention offers the two-dimensional photograph nick crystal structure of the shape of TE and a 
tetragonal lattice which has a broad photograph nick band gap to TM both polarization in a common 
frequency domain. 
[0008] 

[The means for solving invention] The photograph nick crystal structure of this invention is formed 
with two sorts of dielectrics with which uniform dielectric constants differ in Z shaft orientations in 
order to attain the above-mentioned purpose. One dielectrics are two or more rectangle rods which 
have the side length equivalent to light wave length. The adjoining rectangle rod concerned rotates 
90 degrees mutually, and is arranged, and the dielectric of another side is prepared in the perimeter 
of a rectangle rod. Preferably It has the property which controls propagation of a light wave in a 
common frequency domain to the polarization without the polarization and magnetic field 
component which do not have an electric-field component in Z shaft orientations. 
[0009] Moreover, the photograph nick crystal structure of this invention is formed with two sorts of 
dielectrics with which uniform dielectric constants differ in Z shaft orientations. One dielectrics are 
two or more ellipse form rods which have the axial length equivalent to light wave length. The 
adjoining ellipse form rod concerned rotates 90 degrees mutually, and is arranged, and the dielectric 
of another side is prepared in the perimeter of an ellipse form rod. Preferably It has the property 
which controls propagation of a light wave in a common frequency domain to the polarization 
without the polarization and magnetic field component which do not have an electric-field 
component in Z shaft orientations. 

[0010] Since it constituted from a perimeter dielectric which the photograph nick crystal structure of 
the invention in this application rotates by turns two or more rectangle rods which have the side 
length equivalent to light wave length 90 degrees, and is arranged, and these differ from a dielectric 
constant greatly, and is prepared in these perimeters, A perimeter dielectric serves as the 
configuration where the part (vein) of a narrow area formed in the part (spot) of a large area in which 
a long side is formed of a part longer than a shorter side, and the part which a shorter side and a long 
side adjoin continued by turns. For this reason, propagation of a light wave can be controlled in a 
common frequency domain to the polarization without the polarization and magnetic field 
component which do not have an electric-field component in Z shaft orientations. 
[001 1] Moreover, since it constituted from a perimeter dielectric which the ellipse form rod which 
has the axial length who is equivalent to light wave length similarly is rotated 90 degrees by turns, it 
arranges, and these differ from a dielectric constant greatly, and is prepared in these perimeters, A 
perimeter dielectric serves as the configuration where the part (spot) of a large area in which a major 
axis is formed of a part longer than a minor axis, and the part (vein) of a narrow area formed of the 
crowning (a part for the point of the direction of a major axis) of an ellipse and the abdomen (a part 
for the point of the direction of a minor axis) of an ellipse continued by turns. For this reason, 
propagation of a light wave can be controlled in a common frequency domain to the polarization 
without the polarization and magnetic field component which do not have an electric-field 
component in Z shaft orientations. 
[0012] 
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[Embodiment of the Invention] The desirable operation gestalt which applied the photograph nick 
crystal structure of this invention is explained with reference to a drawing. The photograph nick 
crystal structure of this invention consists of perimeter dielectrics 1 which are prepared in the 
perimeter of two or more rectangle rods 2 which have dielectric constant epsilona, and the rectangle 
rod 2, and have dielectric constant epsilonb, as shown in drawing 1 . 

[0013] The rectangle rod 2 rotates 90 degrees to mutual [ adjoining / four rectangle rods 2 and 
mutual ], and is arranged. That is, what rotated the rectangle rod 2 90 degrees is arranged alternately. 
The long side of the rectangle rod 2 and a shorter side have the approximated die length with light 
wave length, and the rectangle rod 2 has the almost same cross section as the cross section of the 
conventional square rod 12. 

[0014] Since the perimeter dielectric 1 is formed in the perimeter of such a rectangle rod 2, as shown 
in drawing 1 , it serves as a configuration which has the hybrid construction with which the dielectric 
vein 4 of the dielectric spot 3 in which the long side of the rectangle rod 2 is formed of a part longer 
than a shorter side, and the pinched narrow part was connected continuously by turns. As for the die 
length of the long side of the rectangle rod 2 of such the photograph nick crystal structure, and a 
shorter side, it is desirable that the predetermined ratio [ comparatively as opposed to a long side ] of 
a shorter side is a rate centering on 0.5. 

[0015] Moreover, as other photograph nick crystal structures, as shown in drawing 2 , it consists of 
perimeter dielectrics 5 which are prepared in the perimeter of two or more ellipse form rods 6 which 
have dielectric constant epsilona, and the ellipse form rod 6, and have dielectric constant epsilonb. 
The ellipse form rod 6 rotates 90 degrees to mutual [ adjoining / four ellipse form rods 6 and 
mutual ], and is arranged. That is, what rotated the ellipse form rod 6 90 degrees is arranged 
alternately. The major axis of the ellipse form rod 6 and a minor axis have the approximated die 
length with light wave length, and the ellipse form rod 6 has the almost same cross section as the 
cross section of the conventional circular rod 1 1 . 

[0016] Since the perimeter dielectric 5 is formed in the perimeter of such an ellipse form rod 6, as 
shown in drawing 2 , it serves as a configuration which has the hybrid construction with which the 
dielectric vein 8 of the dielectric spot 7 in which the major axis of the ellipse form rod 6 is formed of 
a part longer than a minor axis, and the pinched narrow part was connected continuously by turns. 
Moreover, as for the ratio of a minor axis to a major axis, also in the ellipse form rod 6, it is desirable 
to center the same on 0.5. 

[0017] In order to manufacture the photograph nick crystal structure which has such hybrid 
construction, the semi-conductor membrane formation approach can be used. Masks, such as Cr, can 
be made the substrate of aluminum203, Si, and Si02 grade, the pattern of a rectangle or an ellipse 
form can be imprinted, and it can manufacture by forming the Ayr pattern in a substrate by etching. 
Moreover, a rectangle rod etc. cannot be made into depletion (Ayr), but can also be made into the 
thing of the desired quality of the material. 

[0018] In the photograph nick crystal structure which has such hybrid construction, it has a 
photograph nick band gap to TE polarization, and a photograph nick band gap to TM polarization in 
a common frequency domain. A perfect band gap is generable with conditions, such as a dielectric 
constant ratio of the rectangle rod 2 or the ellipse form rod 6, and the perimeter dielectrics 1 and 5, 
and a filling factor, in the frequency domain common to TE polarization and TM polarization. 
[0019] The result of having set the ratio of the shorter side of the rectangle rod 2 and a long side to 
0.5, and having carried out theoretical count of the density of states of the light wave to TE 
polarization and TM polarization when making into a lattice constant a dielectric constant 
epsilona=1.0 of the rectangle Ayr rod 2, dielectric constant epsilonb=8.9 of the perimeter dielectric 
aluminum 203, and the rate, i.e., a filling factor, that a perimeter dielectric occupies, 30% as an 
example of this invention became what is shown in drawing 3 . It turns out that the photograph nick 
band gap with the density of states of a light wave common to zero, i.e., both the modes, is generated 
by the 0.32 to normalized-radiam-frequency 0.34 neighborhood so that clearly from drawing 3 . 
[0020] Moreover, change of the band gap width of face when seting constant the cross-sectional area 
of the rectangle Ayr rod 2, having used the lattice constant a of the rectangle Ayr rod 2 as 0.5 
micrometers, and changing the ratio of a shorter side and a long side is as being shown in drawing 4 . 
When the cross section of the rectangle Ayr rod 2 is fixed, it turns out that the ratio of a shorter side 
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to a long side is [ the width of face of the band gap of a frequency domain common to TE 

polarization and TM polarization ] max to 0.5, so that clearly also from drawing 4 . 

[0021] The above explanation is about one example of the invention in this application, and the 

invention in this application is not limited to this, but can apply suitably the thing of the well-known 

quality of the material which has various dielectric constants. Moreover, not only two-dimensional 

structure but this two-dimensional structure can also be made into the thing of predetermined 

thickness. 

[0022] 

[Effect of the Invention] According to the photograph nick crystal structure of this invention, it 
considers as the arrangement which rotated the rectangle rod or the ellipse form rod 90 degrees by 
turns, and since it constituted from a perimeter dielectric which has the dielectric constant from 
which these and a dielectric constant differ greatly, in the frequency domain which is common to TE 
polarization and TM polarization, a broad photograph nick band gap can be obtained, so that clearly 
also from the above explanation. For this reason, it can use suitable for semiconductor laser, a filter, 
etc. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Dr awin g 1] The explanatory view showing 1 operation gestalt of the photograph nick crystal 
structure of this invention. 

[Drawing 2] The explanatory view showing other operation gestalten of this invention. 
[Drawing 3] The explanatory view of the property of the photograph nick crystal structure of this 
invention. 

[Drawing 4 ] The explanatory view of the property of the photograph nick crystal structure of this 
invention. 

[Drawing 5] The explanatory view of the conventional example. 

[Drawing 6] The explanatory view of the conventional example. 

[Dr awing 7] The explanatory view of the property of the conventional example. 

[Description of Notations] 

1 5 Perimeter dielectric 

2 Rectangle rod 

6 Ellipse form rod 
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[Drawing 6] 
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